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Abstract 



We study static, spherically symmetric black hole solutions in four-dimensional J\f = 2 
gauged supergravity with one vector multiplet and one hyper-tensor multiplet. This is derived 
from massive type IIA theory compactified on the nearly-Kahler coset space G2/ SUii). It is 
well-known that the Romans' mass parameter yields the Stiickelberg-type deformation of the 
gauge field strengths in the four-dimensional system. This deformation requires that all the 
C^ , (covariant) derivatives of the scalar fields must vanish and the two-form field is closed. It turns 

out that charged solutions are forbidden. This implies that only AdS vacua or Schwarzschild- 
AdS black holes are allowed as the static, spherically symmetric solutions. 



1 Introduction 

Searching asymptotically Anti-de Sitter (AdS) black hole solutions in four-dimensional N = 2 
gauged supergravity [1] has been developed for a long period. This is quite interesting because 
the value of the cosmological constant in gauged supergravity is non-trivial; i.e., the cosmological 
constant is given by the Fayet-Iliopoulos parameters or the expectation value of the scalar poten- 
tial. In the context of AdS/CFT correspondence, the AdS black hole configuration provides many 
significant features of condensed matter physics. 

In pure supergravity without any matter fields, supersymmetric (non)-rotating AdS black holes 
with (un)usual topology were investigated by [2]. Soon after that, gauged supergravity with vector 
multiplets was applied to search static AdS black holes with naked singularity [3-5]. Recently, 
supersymmetric static AdS black holes with regular horizon were found [6-8]. 

It is also interesting to find an AdS black hole solution of gauged supergravity in the presence of 
hypermultiplets [9]. There are two features. One is that the existence of hypermultiplets excludes 
the Fayet-Iliopoulos parameters, which support non-vanishing cosmological constant in the gauged 
supergravity only with vector multiplets. The other is that some scalar fields in hypermultiplets 
appears as two-form fields in the system. Caused by the gauging, they cannot be dualized back 
to the original scalar fields in the hypermultiplets. The multiplet containing two-form field(s) is 
referred to as the hyper-tensor multiplet. In addition, these two- form fields deform the gauge field 
strengths by the Stiickelberg-type coupling [10, 11]. In order to control the feature of the gauged 
supergravity with multiplets of the hyper-sector as well as vector multiplets, we study AdS black 
holes in the framework of the string theory compactification scenarios. 

Exploiting four-dimensional M = 2 gauged supergravity is of importance because this system 
appears as the low energy effective theory of type II string theory via flux compactifications [12-15]. 
The deformation parameters in gauging of the four-dimensional supergravity are provided by the 
NSNS- and the RR-flux charge parameters on the internal space. Indeed the Stiickelberg-type 
deformation is realized by the RR flux charges [13-15]. In particular, the Romans' mass parameter 
yields AdS vacua [16]. In this work we focus on the coset spaces G2/SU{3) [17,18]. This is one 
of the nearly-Kahler manifold with torsion and the S'f^(3)-structure. This is useful because the 
moduli space of this coset space has been studied very well. In addition, this coset space provides 
the simplest matter contents in the four-dimensional system; one vector multiplet and one hyper- 
tensor multiplet with the Stiickelberg-type deformation. 

We are now ready to search black holes of Reissner-Nordstrom-AdS type in four-dimensional 
N = 2 gauged supergravity with one vector multiplet and one hyper-tensor multiplet given by 
the flux compactification on G2/ SU{2>). Previously the author studied it under the (covariantly) 
constant condition [9]. This condition prohibits the existence of charged solutions. In this pa- 
per, we assume that the configuration is static and spherically symmetric. Surprisingly the static 
condition eventually derives the (covariantly) constant condition [9]. This implies that the static 
condition itself forbids Reissner-Nordstrom-AdS black hole solutions of the gauged supergravity in 
the presence of the two-form field with the Stiickelberg-type deformation [10, 11, 13-15]. 



The organization of this paper is as follows. In section 2 we briefly exhibit the feature of the 
coset space G2/ SU{2>). Next we write down the equations of motion for the gauge fields, the two- 
form field and the gravitational field which play a central role in the main analysis. Third we 
restrict the system to the static configuration. Here we introduce two functions in order to describe 
the static field strengths. In section 3 we show that all the fields are (covariantly) constant in the 
static configuration: The equations of motion for the gauge fields intertwine the two-form field with 
the two functions. The equation for the two-form field provides the differential equations among the 
two functions and the scalar fields. Finally, the Einstein equation reveals that all the scalar fields 
are (covariantly) constant because each term quadratic in the (covariant) derivatives of the scalar 
fields is positive semi-definite. We also find that the two-form field is closed. The (covariantly) 
constant condition only allows neutral solutions such as AdS vacua or Schwarzschild-AdS black 
holes. In section 4 is devoted to conclusion. 



2 Gauged supergravity with two-form field 

The deformation parameters in gauging of the four-dimensional supergravity are provided by the 
NSNS-flux charge parameters {eA/,eA^,m 7,m } and the RR-flux charge parameters {eRA,mp^} 
on the internal space [13-15]. The ranges of the labels A and / are A = 0, 1, . . . ,nv and / = 
0, 1, ... , nn, where ny denotes the number of the vector multiplets, whilst nn indicates the number 
of multiplets in the hyper-sector, respectively. The Romans' mass parameter is involved as rri^ in 
the above flux charge parameters. 

In this section we briefly exhibit the feature of AA = 2 abelian gauged supergravity with S-fleld 
derived from type IIA compactification on the nearly-Kahler coset space G2/ SU{2>). The details of 
the derivation can be seen in [14, 15]. 

2.1 Profile from coset space G2/ SU{'i) 

First of all let us consider the generic feature of the gauged supergravity associated with the type 
IIA compactification on G2/SU{3) [17, 18]. The indices A and / run only A = 0, 1 and 7 = 0, 
respectively. The following flux charge parameters involve the profile of this compactification: 

eio = 2V33, micAo = 0, m^ / , crq / , (2.1) 

whilst other fiux charges such as e^^, eoo, w-^ and cri, are zero, m^ is interpreted as the Romans' 
mass parameter. The value 3 denotes the volume of the coset space. In this compactification, the 
moduli space of the vector multiplet is given by SU{1,1)/U{1). This is governed by the cubic 
prepotential J^{X): 

T ^ 3 ^p . (2.2a) 

In terms of the local coordinate t = X^ jX^ ^ we describe the Kahler potential Ky. 

Ky = - log [i(X^J-A - X^Ta)] = - log [ - iJ(t - tf] . (2.2b) 



It is quite useful to introduce the period matrix A/ae on this moduH space: 

.f -^ , (Im^)ArXr(Im^)sAX^ j/t2(t + 3l) -3t(i + l)A 

AAas = -^A^ + 21 xn(Im^)nHXS = 2 1^ -3t(i + l) 3(3i + l) ) ' ^'-'"^ 

This pertains to the generahzation of the gauge couphng constant and the theta-angle in AA = 2 
super symmetric system. In the hyper-sector, there exists only one multiplet. Notice that the 
non-vanishing m^ makes the axion field a in the hypermultiplet be dualized to the two-form field 
B^i,, referred to as the S-field. We call the multiplet with the constituents {ip^^P ■,E,q-,B^i,} the 
hyper-tensor multiplet. 

2.2 Equations of motion 

Here we exhibit the equations of motion for the gauge fields A^, the S-field B^y, and the gravita- 
tional field g^y^ which we will utilize exhaustively in the next section^: 

= -^df,F^,p--^d^Byp{enA-eAof)-e^'^eMD''^o, (2.3a) 

W-9 ^V-9 

1 , s ^fll/pcr p ^ ^ 



flU 



-5 ^ ^ V-9 L 



^pupcT 

+ 2m^/iAsF^^" - ^=m^i/Asi^J. , (2.3b) 

= \9pu liK^F^.F^P'^ - l^KuFl^pFf, gP" - gpu QadpidPi + 2g,^ d^idji 

- 9pu dppdP^ + 2dppd,^ - -^^gpu Hp^xHP-^ + -^H^p^HyP- 

- —g^, [DpeDPe + DpioDPio) + ^^"^ [D^^D^e + Dpi^D^io) - 9puV . (2.3c) 

Here we have introduced various functions: /^as = IuxA/as and j^as = R&A/ae are the generalization 
of the gauge coupling constant, and the field dependent theta-angle, respectively; ^^ is the Kahler 
metric defined by g^^ = didiKy, and E^u is the Einstein tensor. The field strength of the i?-field is 
given as H^^p = 2>dypBypy Notice that, due to the presence of the RR-flux charges m^, the gauge 
field strengths are deformed to [14] 

F/^, = 2d^pAt^+miB^,. (2.4) 

The covariant derivatives of the scalar fields S^^ and .^o are given by 

Dpe = d^e, D^^o = 5^eo-eAO^^ (2.5) 

They are derived from abelian gauge symmetry of the RR potentials in the ten-dimensional type 
HA theory, and from the geometrical structure of the six-dimensional internal space [14]. Due to 



'^See [9] for the Lagrangian and the equations of motion for other bosonic fields. 



the absence of the flux charges e\^ on the coset space G2/ SU{2>), the covariant derivative D^^ is 
reduced to the ordinary derivative [18]. The dual gauge fleld strengths F\^i, are 



Fk^u = i^Asif^ + ^e^^pa^Asi^^^", (2.6) 

where we used the constant tensor whose normahzation is 60123 = +1; and its contravariant form 
g0i23 = _i in a generic curved spacetime. The scalar potential V is given as [15] 

V = g''V{P+V-{P+ + g''V{P^V-{P^-2\V+\'' + \V^\\ (2.7a) 

Due to the absence of the flux charges ca^, the scalar field ^0 does not contribute to the scalar 
potential V . The triplet of the Killing prepotentials Va [15] is explicitly described as 

V+ = -2e'^Lieio, P_ = -2e'^Lieio , P3 = e""^ [L'' e^o - L^ ei^^ - M^m^] , (2.7b) 
LO = e^v/2^ ^1 ^ tgi^v/2^ M^ ^ -Jt3e^v/2^ (2.7c) 

V{Pa = (d, + U,K^Ya (2.7d) 

2.3 Static setup 

So far we exhibited generic feature of the gauged supergravity. Here we prepare the static, spheri- 
cally symmetric metric: 

d<,2 = _e2^Mdt2 + e-2^Mdr2 + e2'=^Mr2(d^2^sin2^d(/)2). (2.8a) 

We impose the time-independent condition on an arbitrary field X such as 

= dtX. (2.8b) 

The electric and magnetic charges are defined in terms of the field strengths: 



P^ - 


1 
47r j 


1 dOdcPFi:^, 


^A = 


1 

47r j 


[dOdcPFM^p 



(2.9a) 
i- I d9d<p (uAJ^Fil + V^fiAj^F""'') . (2.9b) 



Since we concentrate on the static configuration of the electric field and the magnetic fields, we 
consider the following set of relations between the gauge fields and the i?-field: 

, (I)) sine, (2.10a) 

, (2.10b) 

for the non-vanishing components of the field strengths, and 

= drFg^^, = drFAe<t>, (2.10c) 

= F^ = d^A^-drA^ + miB^r, (2.10d) 



p^ - 


-- deA^-d^A^ + m^Be^ ^ f 




p-2C 


7?A 


= -drA^ + miBtr = ^/( 



= 


pA 


drA^ - deA^ + miBre , 


= 


- ^te - 


-5e^f + miBte , 


= 


- p^ - 


-d^Af + miBt^ , 



(2.10e) 
(2.10f) 
(2.10g) 

for the vanishing components, respectively. Note that the fields are independent of time coordinate 
because we consider the static configuration (2.8b). 



3 Analysis 

In this section we carefully analyze the equations of motion (2.3) under the static setup (2.8). 
Since the i?-field is incorporated into the equation of motion and the gauge field strengths (2.4), 
we can find a series of restrictions on the 5-field via the equation of motion for the gauge fields. 
The equation of motion for the i?-field further gives rise to differential equations among the set of 
functions {/ (0,0),(7 (0,(^),(7(r)}, and the scalar fields {'^,^'^,'^0} of the hyper-tensor multiplet. 
Utilizing these restrictions, we evaluate the Einstein equation in the static, spherically symmetric 
(AdS) black hole spacetime. Recombining the components of the Einstein equation, we finally 
obtain the (covariantly) constant condition. 

3.1 Equation of motion for gauge fields 

First we evaluate the equation of motion for the gauge fields (2.3a). Each component provides a 
powerful constraint among the fields and the functions: 

g-2C 

(2.3a)"-* : = ^-^(bra - eAo('')Hre<p + caq e^'^"'^ ACo , (3.1a) 

r^ sm u 

Q-2C _ 

(2.3a)'^-'' : = -(cra - eAof)^-^He^t - bao e^'^+^A^^^^ ^ ^3^^^^^ 

Q-2C p _ ~ 1 

(2.3a)'^- : = — . cJ^FAtr - (cra - eAoC^)H^tr + cao e^'^DgS,o sin 6' , (3.1c) 

(2.3a)"-'^: = ^-^ dgFAtr - {cka - eAof)Hetr - cao^^D^Co • (3.1d) 
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Multiplying m^ to the above equations and using the identity m^eAo = due to the flux compact- 
ification [14], we extract the following forms: 

= m^CKAHre^, (3.2a) 

= m^eRAHg^t, (3.2b) 

m^d^FAtr = m^eB,AH^tr, (3.2c) 

m^dgFAtr = m^eB,AHgtr- (3.2d) 

Furthermore, the expressions (2.10) enable us to rewrite the components of the three-form Hfj_up in 
terms of the functions f {0, 0) and g {6, cj)): 

m^eRAH^tr = "IrCra 



d^Btr + dr-B^t 


= CRA 

6 


—2(7 


-d^At)' 



-2C 



m^eRAHetr = "^rEra 





r2 


drBet + deBtr 


= CRA 




e-2^ 



9^ 



eRA<7^(0,0) 
A 



— 2C 

dJ -deAt]+de[drAt+^-^g''{ 



,A/ 



CRAS 



Substituting them into (3.2), we obtain the exphcit forms: 

1 e-2^ 



H, 



(j>tr 



rnRfiRs r'^ 



-dd. 



,A/ 



CRAS 



/?, 



1 e- 



-2C 



etr 



"T-rCRS ''^ 



= a^ 



eRA/(e,0)J, 
(m^/UAs)/''(e, 0) + (m^z^AE - eRs)<7''(0, ' 



(m^MEJ/'^l^, 0) + (m^i^AS - eRs)/(e, . 



Under the above description, the equations of motion (3.1) are further reduced to 



= ACo = -eAo^l^, 

= A^O = dr^O - fiAO^^ , 



-2C 







-d. 



I^AT.f 



+ h^AS 



-2C 



-do 



iJ^Asf^ieA) + ii^As 



CRA - CAoC " 

m-RCRr 
CRA - eAoC ° 

"T-RCRr 



CRS )g (OA) + CAO e "^ sin 6* Dg$,o , 



eR^)g''{9,^) 



sinC7 



(3.3a) 



The equation (3.5a) with the flux charge condition (2.1) imposes a strong condition on g 



CAO -^tr 



-drisAoAf) = 0, 

Notice that g^{6,(p) still remains non-trivial. 



eA09 



0. 



(3.3b) 

(3.4a) 

(3.4b) 

(3.4c) 
(3.4d) 

(3.5a) 
(3.5b) 

(3.5c) 

(3.5d) 

?,</.): 
(3.6) 



3.2 Equation of motion for 5-field 

Next task is to investigate the equation of motion for the S-field (2.3b). Owing to the expressions 
(2.10) and (3.4), each component of the equation is described in terms of the functions f {6,(j)) 
and g {6, (p) in the following way: 



(2.3b) [^'"1=1*^1 : 



1 e 



-2C 



"IrCrs ^2 



-d. 



e ^'^sin6'a0(eRA5' 



-2C 



m^CRs r"^ sin 



+ 2 



e "'^S^IeRAfl'' 

A.. /^ „ ^0\\ f-T., 



(m^s - (eRs - e^oi''))f^{0,4>) - {miiiA^)g^{e,4>) 



smi 



-2(deeD^io-Deiod4>e 



(3.7a) 



(2.3b) 



[H=[*e] . 







sin*^ ^ ' -Am ^^^^re~'^-'''^ , 0^.0 



(2.3b) [^'"]=[*'^] : 
(2.3b)[^"l=['^'^l : 



1 



9e eRAff^(^,</.) a. 



+ ^dr^D^i^ , 



1 



m|eRssin6' 
2e-4^ 



5JeRA<7^(0,0) a, 



-4(/3-2C 



2a,^0Z)ee0 : 



where we used (3.6). Then the equations (3.4c) and (3.4d) become trivial: 

= {mi^iK^)f^{e,cl)) + {mivf,^-e^T.)g^{e,<t)). 



(3.7b) 
(3.7c) 
(3.7d) 

(3.8) 



We can learn that the covariant derivatives of the RR-axion fields are related to the derivatives of 
the function g {6,<p). Indeed the equations (3.7b) and (3.7c) will contribute to the evaluation of 
the Einstein equation in a crucial way. 



3.3 Einstein equation 

So far we analyzed the equations of motion in terms of arbitrary functions A{r) and C{r) in the 
static metric (3.9). From now on, we focus only on the metric of Reissner-Nordstrom-AdS type: 



e^^W = K-^ + ?, + ^ 



^2' 



,2C(r) 



= 1, 



(3.9) 



where the black hole parameters of mass and charges are given by t] and Z'^ = Qe+Qmj respectively. 
The parameter £ gives the negative cosmological constant Ac.c. = — 3/£^. 

The diagonal components of the Einstein tensor E^i, under the metric (3.9) become simple: 



g"'E„ 
g^^Eee = e 

g'^'^E.. 



,2A 



^^(1 - e-2(^+^)) + 1{A' + 3C") + C'{2A' + 3C7') + 2C" 



Z' 



2A 



2A 



2A 



J_(l _ e-2{^+c^)) + -(A' + C) + C'{2A' + C) 



Z^ 3 



Lr 



{A' + C') + 2{A'Y + C'{2A' + C) + A" + C" 



-{A' + C') + 2{A'f + C"(2A' + C) +A" + C 



Z^ 



Z2 



+ 



£2 



£2 ' 



+ £2 



^2' 

(3.10a) 
(3.10b) 

(3.10c) 

(3.10d) 



On the other hand, substituting the vanishing conditions (2.10) and (3.2), we see the reduced 
components of the right-hand side of the Einstein equation (2.3c): 



,-4ip 






(3.11a) 



9'' Err = -\liA^Fi;.F^'^ + \^iK^F^^F^''l> -gJ- drWi + deiOn + d^idH 



2' '^^ " 2 

^— ( - dredge + defd'e + O^eO^e) - ^— [Do^oD'^o + D^^oD%) - V . 



(3.11b) 



g^'Eee = IfiAj^F.^rF""'' -l^^A^F,%F''''^> - gJdrWt- deidn + d^idH 



p-4'P 

dripd'if - de^d'ip + d^^d'^ip ) + ^—HtreH'^^ - - 



e-4^ 
"4 



^tr4,n 



p2i/5 / N p2<p 



(3.11c) 



'i?0^ = lf^AJ:Ft''rF^''-li^A^F,%F^''f'-gJdrid'-i + deidn-d^idH 



2^-..^ "■ 2 

dr(pd^(p + defd^ip — d^fd'^ip 



^{dred^e+deeo'^ 



-4:<fi -if 

ntrori -\ —Htr^rl 

2lp 



(3.11d) 



Combining (3.10) with (3.11), we evaluate the derivatives of the fields. First, the difference between 
the time component and the radial component gives 



g^'Ett-g'-'-Err = = -2e2^M [g^^ia^tp + (a.v^)^ + --(3,^0)2 



(3.12) 



This is a strong condition. Because each term in the right-hand side is positive semi-definite, we 
immediately obtain 

= a^t, = a^v9, = a^c", (3.13) 

This makes the derivative of the function g {9,(1)) vanish through the equations (3.7b) and (3.7c): 

= ae(eRA/(^,(/))), = a^(eRA/(^,^ 
which implies that g is a constant and the components of the three-form H in (3.4) vanish: 



g = (constant) , = Hire = H^ 



trij) • 



(3.14) 



Combining (3.2), we find that all the components of H^yp vanish once the static condition is imposed 
on the system. In a similar way, we also evaluate the following three equations: 



g^^Err + g Egg 



g^^Err — g Egg 



_ _6_ _ 

2^2 1 



j,2 g^jj2 I 






-2V, 
(3.15a) 



— = ^^AE 



fHe,<p)f^{e,<p)+g'^g^ 

9 



9 ^ee - 9 i^d. 



r 



2 r 

~2 



,2(p 



=2^. 






(3.15b) 



r^ sin^ ( 



^2</3 „2v3 



(3.15c) 



Note that we have used the vanishing condition of ah the components of H^^p. Since the scalar fields 
I, if and ^° are independent of the radial coordinate r (3.13), the period matrix A/as = ^KT. + i/WAS 
(2.2c) are also independent of r. The scalar potential V defined in (2.7a) does not depend on 
r, either. Then the square bracket in the right-hand side of (3.15a) and the second line in the 
right-hand side of (3.15b) must vanish: 



p2ip „2ip 



2 

9ii\d4.i? + {84,^? + — 



:.2<^ 

+ — P<^^o) 



(3.16) 



This condition satisfies (3.15c) consistently. Because each term in this equation is positive semi- 
definite, we obtain 



Q = dei = 84,1, 
= aee° = d4i\ 



deif = d4>ip, 



(3.17a) 
(3.17b) 



Due to the constant condition of g and t, the equation (3.8) tells us that / becomes constant. 
Their values are described in terms of the electric and magnetic charges through (2.9): 



f 



p\ 



9 



-(m 



-IaAE, 



gs - i^sr P^) 



(3.18) 



Let us summarize the analysis. Assuming only the static configuration (2.8b), (2.8b), and 
(2.10), we obtain the (covariantly) constant forms of the scalar fields and the constant gauge field 
strengths as showed in (3.2), (3.5), (3.13), (3.14), (3.17) and (3.18): 







H, 



fiup 



39[^-Bj.p] , 







i^u^O, 







D,e 



d,e, 







dui, 



p sin/ 



Fl'r = -^(^-^)^^(?E--Er/) 



(3.19a) 
(3.19b) 



This leads to the black hole parameters in such a way as 



Mas 



/V^ + ^V 



A, 



-- pVasP^ + {qa - i^ArP^)(Ai~^)^^(gs - i^sAP^) 



(3.20a) 
(3.20b) 
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3.4 Constant solution 

Let us proceed the analysis under the field configuration (3.19)^. The covariantly constant condition 
= D^S,o in (3.19) gives the vanishing condition of the field strengths: 







[d^„du]^o = CAoF. 



A 



(3.21) 



i.e., F^j^ = 0. Here we again used the flux charge condition m^eAo = in (2.1). The above condition 
implies 



P 



Substituting this into (3.7a), we obtain 



m 



-l,,^l „o 



ip-'rqo + if^-'rqi-if^-'i^VoP 



em' 



il^ 



-i\ii. 







(^-1)10 _p\ (^-1^)1^- 



(3.22) 

(3.23a) 
(3.23b) 



qo 



{{f.''n^^~T - [(A^-^)°T) - 2(^) ((/.-^)^^(M-v)% - {^-Tif^-'-)\ 

(3.23c) 



,0x2 



^CRo/ V 



l,.\l l2 



Since the value in the square bracket of (3.23c) is non-zero [9], the electric charge qo must vanish. 
Substituting this into the above equations, we eventually find that all the charges must be zero: 



90 



0, 



qi 



0. 



p 



0. 



p 



0. 



(3.24) 



The gauge field strengths given in (3.19) also vanish. This leads to the vanishing black hole 
charges Z"^ = 0. Then we conclude that the static, spherically symmetric configuration in the 
gauged supergravity derived from type IIA theory compactified on G2/ SU{?)) provides only neutral 
solutions such as AdS vacua or Schwarzschild-AdS black holes [9]. 

4 Conclusion 

In this work we studied static, spherically symmetric, asymptotically AdS black hole solutions 
in four-dimensional N = 2 gauged supergravity in the presence of one vector multiplet and one 
hyper-tensor multiplet. This system is associated with the type IIA theory compactified on the 
nearly-Kahler coset space G2/ SU{?)). The Romans' mass yields the Stiickelberg-type deformation 
in the gauge field strengths. Then we found an intrinsic relation between the gauge fields A^ and 
the i?-field. Eventually all the scalar fields should satisfy the (covariantly) constant condition, and 
the i?-field must be closed. Furthermore, the (covariantly) constant condition leads to the vanishing 
black hole charges. It turns out that only the possible solutions are AdS vacua or Schwarzschild-AdS 
black hole as analyzed in [9]. 



The essential points have already been discussed in [9]. 
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In the main analysis we fixed the sign of the cosniological constant to be negative in (3.9). But 
this did not affect the evaluation of the scalar fields in the Einstein equation (3.15a). In addition, 
the topology of the horizon is not crucial in the equations (3.15b) and (3.15c). The primary reason 
was that the H^^yp did vanish through the equations (3.7) and (3.12). This eventually removed the 
dependence of the B-field in the equations (3.15), and the independence of the angular coordinates 
(3.17) were realized. Thus the result (3.19) could be applied to static, asymptotically flat (or 
de Sitter) black holes with unusual topology such as two-torus or hyperbolic surface (see, for 
instance, [2]). 

This work reveals that, as far as we concern the metric (2.8a) with (3.9), time-independent 
configurations must be forbidden to build a charged (AdS) black hole in the presence of the hyper- 
tensor multiplet with the Stiickelberg-type deformation. It seems to be inevitable to search time- 
dependent configurations. A typical one is the stationary, rotating charged black hole referred to 
as the Kerr-Newman-(AdS) black hole. 
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